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Sources, Processes, Transport, and Sinks 
(SPTS) Questions/Objectives 

 What are the global and regional aerosol sources and mass 
budget?  

 What are the impacts of significant aerosol events on the 
local, regional and global aerosol burden and air quality? 

 
– Provide a quantitative, measurement-based estimate of aerosol 

source, sink and transport  characteristics.  

– Estimate the aerosol contribution to the fertilization of land- and 
ocean-based ecosystems.  

– Characterize particulate matter (PM) concentrations on the ground 
from satellite observations.  

– Characterize and quantify major aerosol events, and estimate the 
contribution of these events to the total aerosol burden of the 
atmosphere.  
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Direct Aerosol Radiative Forcing/Effects 
(DARF/DARE) Questions/Objectives 

 What is the direct aerosol radiative effect at the top-of-
atmosphere, within-atmosphere and at the surface? 

 What is the aerosol radiative heating of the atmosphere, and its 

impacts on cloud development?  
– Provide a firmer basis for measurement-based estimates of global and 

regional DARF at the top of atmosphere and its uncertainties by confronting 
issues not properly addressed by observations in the past.  

– Provide the first ever measurement-based estimate of the global direct 
aerosol radiative forcing at the bottom of the atmosphere to within ± 1 
W/m2, equivalent to estimating the global evaporation rate at the surface of 
± 1 mm/month (~ 1% of global rates)  

– Provide vertically resolved, measurement-based estimates of the aerosol 
radiative heating of the atmosphere at an accuracy of ± 0.25 oK/day for 1.5 
km layers. 

 



Cloud-Aerosol Interaction (CAI) 
Questions/Objectives 

 How do aerosols affect cloud micro- and macro-physical 
properties, the subsequent radiative balance at the top, within 
and bottom of the atmosphere, and the water cycle?  

 Where and what clouds, under which environmental conditions, 
are most susceptible to aerosol modifications?  

 How do clouds and precipitation affect aerosol concentrations?  
– Provide strong constraints on estimates of the sensitivity of cloud radiative 

forcing and precipitation to aerosol number density via droplet and crystal 
nucleation.  

– Provide strong constraints on estimates of the sensitivity of cloud radiative 
forcing and precipitation to solar absorption by aerosol.  

– Provide strong constraints on the influence of clouds on the vertical 
distributions of aerosol physical and optical properties.  

– Understand the processes and thresholds controlling the rapid transition 
from a polluted  non-precipitating airmass to a clean precipitating airmass.  

 



Aerosol-Ocean Ecosystems-Cloud Interactions 

 What are the physiochemical characteristics, temporal and spatial 
distributions, and source of aerosols deposited in oceans? 

 How are the physical and chemical characteristics of deposited aerosols 
transformed in the atmosphere?  

 How do ocean biological and photochemical processes affect the 
atmosphere and earth system? 

 What is the number concentration, size distribution, chemical 
composition, and CCN properties of sea spray aerosols? 

– Identify microphysical and optical properties of aerosols, partition 
natural and anthropogenic sources, and characterize spectral complex 
index of refraction and particle size distribution 

– Characterize dust aerosols, their column mass, iron content and other 
trace elements, and their regional-to-global scale transport and flux 
from events to the annual cycle 

– Detect and quantify the imprint of oceanic biological processes on the 
optical and radiative properties of the overlying aerosols and clouds 

 

 



What are capabilities and limitations of (PACE) regarding 
ACE aerosol science objectives? 



Possible PACE Options in PACE SDT Report 

Name Ocean Color Instrument Polarimeter Aerosol Capabilities Science Questions 

OCI Single view angle ocean color 

hyperspectral instrument with 350-

800 nm range, plus UV channel (350 

nm), 2 NIR channels (865, 820 nm) , 

and 3 SWIR channels (1.24, 1.64, 

2.13). Spatial resolution of 1 km2, 

two day global coverage 

None Aerosol somewhat like 

MODIS and VIIRS, clouds 

less than MODIS and 

VIIRS  

Heritage aerosol 

OCI/OG Same as OCI, plus 500 m2 spatial 

resolution, oxygen-A band, one day 

global coverage, hyperspectral 

coverage over 800-900 nm 

None Aerosol somewhat like 

MODIS and VIIRS, clouds 

less than MODIS and 

VIIRS, aerosol height for 

atmospheric correction 

Heritage aerosol 

OCI+ Same as OCI, plus 3 additional SWIR 

bands (0.94, 1.38, 2.25 um) 

None Aerosol and clouds 

similar to MODIS 

Heritage aerosol and 

cloud 

OCI/A Same as OCI+, 250 m spatial 

resolution 

None Aerosol and clouds 

similar to MODIS, 

improved resolution for 

aerosols near clouds  

Aerosol impacts on PBL 

liquid clouds 

OCI-3M Same as  OCI 3MI: POLDER heritage, 12 

channel (410-2130 nm), 

14 view angle, 

polarimetrically sensitive 

imager 

Improved aerosol AOD, 

size, type, SSA refractive 

index 

Aerosol transport, limited 

radiative forcing 

OCI/A-3M Same as OCI+, 250 m spatial 

resolution 

3MI: POLDER heritage, 12 

channel (410-2130 nm), 

14 view angle, 

polarimetrically sensitive 

imager 

Improved aerosol AOD, 

size,  type, SSA refractive 

index 

Aerosol transport, limited 

radiative forcing, limited 

cloud impacts on aerosols 

          

• PACE 
Configuration 
is Currently 
Unknown 
 
• Several PACE 

Options for 
Ocean and 
Atmosphere 
Objectives 
Described in 
PACE SDT 
Report 
 
• Examined OCI 

and OCI-3MI 
options 



Capabilities of current satellite instruments and potential PACE 
and ACE instruments regarding aerosol science objectives 

 Instruments 
– Current: (MODIS/VIIRS/OMI; MISR) Instruments 
– Future:  

• PACE (Two options: OCI and OCI-3MI polarimeter) 
• ACE 

 Aerosol related Science Questions in PACE SDT Report 

Science Question/Objective Required Aerosol + Cloud 

Parameters 

MODIS/VIIRS/OMI MISR OCI8 OCI-3MI ACE 

“MODIS-Like” heritage aerosol products 

 What are long-term changes in 

AOD? 

AOD, Angström exponent 

(water) 

Yes Yes Yes Yes Yes 

“POLDER/PARASOL/MISR” heritage 

aerosol products 

 What are long-term changes in 

AOD? 

AOD, Angström exponent 

(water), qualitative aerosol 

type 

No Yes No Yes Yes 

How do aerosols affect PBL liquid cloud 

properties? 

AOD, cloud properties Some Some  No Some Yes 

How do clouds affect aerosol properties 

in regions near cloud boundaries? 

Column 

AOD(l), AAOD(l), m(l) (2 

modes), reff,n, Morphology, 

nonsphericity 

Vertically Resolved 

a, w, reff 

Cloud 

OD, reff, n, phase 

No No No Some Yes 

Atmospheric Correction for Ocean Color 

Retrievals 

AOD(l), AAOD(l), aerosol 

height 

Some Some  Some Yes Yes 

8OCI requirements state noon equator crossing (+/- 1 hour). Consequently some kind of gimbal mount will be required to view angles out of sun glint.  



Capabilities of current and potential PACE and 
ACE regarding ACE SPTS and DARF Objectives 

Science Question/Objective Required Aerosol + Cloud Parameters MODIS/VIIRS/OMI MISR OCI8 OCI-3MI ACE 

Sources, Processes, Transport and 

Sinks (SPTS)  

 What are the global and 

regional aerosol sources and 

mass budget?  

Column 

AOD(l), AAOD(l), m(l) (2 modes), 

reff,n, Morphology, nonsphericity 

Vertically Resolved 

a, reff 

Limited1 Limited1 Limited1 Some Yes (with 

imaging 

polarimeter + 

HSRL) 2 

 What are the impacts of 

significant aerosol events on 

the local, regional and global 

aerosol burden and air 

quality?  

Column 

AOD(l),m(l) (2 modes), reff,n 

  

Limited1 Limited1 Limited1 Yes Yes 

Direct Aerosol Radiative 

Forcing/Effects (DARF/DARE)  

 What is the direct aerosol 

radiative effect at the top-of-

atmosphere, within-

atmosphere and at the 

surface?  

Column 

AOD(l), AAOD(l), m(l) (2 modes), 

reff,n, Morphology, nonsphericity 

Vertically Resolved 

a, reff 

Surface 

BRDF/albedo 

  

No Limited3 No Some Yes (with 

polarimeter 

+HSRL)4 

Direct Aerosol Radiative 

Forcing/Effects (DARF/DARE)  

 What is the aerosol radiative 

heating of the atmosphere, 

and its impacts on cloud 

development?  

  

Column 

AOD(l), AAOD(l), m(l) (2 modes), 

reff,n, Morphology, nonsphericity 

Vertically Resolved 

a, w, reff 

Cloud 

OD, reff, n, phase 

No No No No Yes (with 

polarimeter 

+HSRL) for 

aerosol 

1 MODIS and MISR (and OCI) provide a limited amount of this information (e.g. AOD(l) and MISR provides a measure of nonsphericity. 
2 Source sinks and mass budget required integration with aerosol assimilation models. 
3MISR can provide some measure of surface BRDF/albedo 
4 While we may disagree, IPCC AR5 suggests TOA is quite good when models are combined with MODIS.  That is certainly not the case for surface and within-atmospheric 

radiative forcing associated with aerosol absorption and why the group does not consider DARF to be a solved problem. 



Science Question/Objective Required Aerosol + Cloud Parameters MODIS/VIIRS/OMI MISR OCI8 OCI-3MI ACE 

Cloud-Aerosol Interaction (CAI)  

• How do aerosols affect cloud micro- and 

macro-physical properties, the 

subsequent radiative balance at the top, 

within and bottom of the atmosphere, 

and the water cycle?  

• Where and what clouds, under which 

environmental conditions, are most 

susceptible to aerosol modifications?  

• How do clouds and precipitation affect 

aerosol concentrations?  

  

  

Column 

AOD(l),m(l) (2 modes), reff,n, 

nonsphericity, N 

Vertically Resolved 

Na, AAOD, reff, a, nonsphericity 

Cloud9 

OD, reff, n, phase, LWP 

No No No Some Yes 

(polarimeter 

+HSRL) 5 

Aerosol-Ocean 

 What are the physiochemical 

characteristics, temporal and spatial 

distributions, and source of aerosols 

deposited in oceans? 

 How are the physical and chemical 

characteristics of deposited aerosols 

transformed in the atmosphere?  

 What is the number concentration, size 

distribution, chemical composition, and 

CCN properties of sea spray aerosols? 

Column 

AOD(l), AAOD(l), m(l) (2 modes), 

reff,n, Morphology, nonsphericity 

Vertically Resolved 

a, r, Na, AAOD, nonsphericity 

  

No No No Some 

(column 

properties

) 

ACE (imaging 

polarimeter+H

SRL)6,7 

Capabilities of current and potential PACE and ACE 
regarding ACE CAI and Aerosol-Ocean Objectives 

5Addressing effects on precipitation and water cycle of aerosols implicitly suggestions the need for a radar. 
6Should comment on whether iron availability is tied to dust absorption.  Shape allows for tracking of dust, but availability of iron for fertilization is widely variable. 
7Accuracy of remote CCN estimates and even more GCCN estimates are critical issues here that are really open issues for ACE that need to be addressed. 
9Radar and microwave radiometer measurements are required for cloud base, and compliment cloud-top heights and LWP retrievals from other instruments. 



Capabilities/requirements of current and potential PACE 
and ACE aerosol measurements 



Aerosol Measurement 

Capability 

MODIS/VIIRS/OMI MISR OCI OCI+3MI ACE 

Aerosol  detection Yes Yes Yes Yes Yes 

Aerosol Effective Layer 

Altitude 

No Yes…if AOT is a few 

tenths and spatially 

well defined.  

Uncertainty ~ 0.5 km 

Use of A-band implies 

crude estimate with 

uncertainty >0.5 km 

Yes, with ~ 0.5 

km 

uncertainty if 

AOT>0.2 

Yes, with < 0.5 km 

uncertainty if AOT>0.2 

(imager); 

Much higher resolution 

along lidar curtain 

Aerosol Type Limited information 

(FMF) over water 

Qualitative 

information 

regarding size, shape, 

absorption 

Limited information 

over water (FMF, 

some spectral 

absorption) 

Yes (column 

average) 

Yes (column average) and 

above clouds (req); 

vertically resolved along 

lidar curtain 

Aerosol Effective Radius 

(Multiple Modes) 

Limited information over 

water (total) 

Qualitative (total) Limited information 

over water (total) 

10% (total) 

~15% (fine) 

~30% (coarse) 

~10% (fine) 

~10% (coarse); column 

average and above clouds; 

~20% (vertically resolved) 

for a>50 Mm-1 

Effective variance No No No ~20% (total) 

~25% (fine) 

~30% (coarse) 

~50% (fine) 

~50% (coarse); column 

averaged and above clouds 

Fine Mode Fraction Yes over water  

+/- 0.25% 

Yes Yes over water 

+/- 25% 

Yes 10-25% 

over land 

10-15% over 

water 

Yes 10-15% over land 

5-10% over water 

Sphericity No Qualitatively No Fraction of 

spherical 

particles~10% 

(if Angstrom 

exponent <0.6) 

Yes, spherical and 

nonspherical (column 

average and above clouds); 

vertically resolved along 

lidar curtain  

Concentration No No No Volume  

<0.05 

mm3/mm2 

Number 

+/-100% 

Vertically resolved (500m in 

BL, 1.5 km in troposphere) 

Capabilities/requirements of current and potential 
PACE and ACE aerosol measurements 

In some cases, table entries are estimated (rather than demonstrated/validated) capabilities 
and so may be 
ambitious 



Aerosol Measurement 

Capability 

MODIS/VIIRS/OMI MISR OCI OCI+3MI ACE 

Spectral Optical Depth Yes (visible) 

Over land 0.05 and 

15% (550 nm) 

Over water 0.03 and 

15% (550 nm) 

Yes (visible) 

Over land 0.05 or 

15% (550 nm) 

Over water 0.03 or 

15% (550 nm) 

Yes 

(UV) 0.05 and 30%  

(visible) 

Over land 0.05 and 

15% 

Over water 0.03 

oand15% 

Yes 

over land (VIS):  

0.04 or 10% (total);  

0.05 or 20% 

(coarse);  

0.04 or 25% (fine);  

over ocean (VIS):  

0.02 or 10% (total);  

0.03 or 15% 

(coarse);  

0.02 or 10% (fine); 

over land:  

0.04 or 10% (total);  

0.04 or 15% 

(coarse);  

0.04 or 15% (fine);  

over ocean:  

0.02 or 5% (total);  

0.02 or 10% 

(coarse);  

0.02 or 10% (fine); 

ACE report states 

Larger of ±0.02 or 

±0.05AOD 

Absorption Optical Depth Limited MODIS+OMI 

(0.05) for AOD > 0.2 

Qualitative  

(AOD>0.2) 

~+/-0.03-0.05  0.02-0.03 

(spectral) 

±0.02 (spectral, 

multiple modes) 

for AOD>0.1 

Single Scattering Albedo Limited 

MODIS+OMI (0.03-

0.05) for AOD > 0.2 

Qualitative 

(AOD>0.2)  

~+/-0.03-0.05  over land (VIS):  

0. 03(τ ≥ 0.4)  

0.05 (0.1 ≤ τ < 0.4)    

over ocean (VIS):  

0. 03 (τ ≥ 0.3)  

0.05 (0.1 ≤ τ < 0.3) 

over land: (VIS)  

0. 03  

over ocean: (VIS)  

0. 02 

In 1.5 km layers in 

free troposphere; 

500 m in BL 

Real Refractive Index 

(spectral multiple modes) 

No No No over land (VIS):  

0.03 (τ 440  ≥ ~0.5)  

over ocean (VIS):  

0. 03 (τ 440  ≥ ~0.3)  

(spectral) 

~±0.02 (spectral, 

modes) when 

AOD>0.1; column 

averaged and 

above clouds (req); 

vertically resolved 

(goal) 

Capabilities/requirements of current and 
potential PACE and ACE aerosol measurements 

In some cases, table entries are estimated (rather than demonstrated/validated) capabilities 
and so may be ambitious 



Future (near-term) Aerosol-Relevant Satellite Sensors 



Future Aerosol-Relevant Satellite Sensors 

 Cloud and Aerosol Transport System (CATS) 

– Launch ~Sept. 2014  

– Mounted on ISS 

– Lidar backscatter, depolarization at 532, 1064 nm  

– 355 nm backscatter, 532 nm HSRL capability (technology demonstration) 

 Sentinel-5 Precursor with Tropospheric Monitoring Instrument (TROPOMI) 

– Launch ~Spring 2015 

– Fly in formation about 10 min behind NPP (824 km) 

– Updated version of OMI 

– Detect UV absorbing aerosols 

– Retrieve trace gases associated with pollution (sulfur dioxide, formaldehyde, 
carbon monoxide) 

– Oxygen A-band measurements help constrain aerosol layer height 

– Combination of VIIRS (on NPP) + TROPOMI has potential to improve on MODIS 
type aerosol measurements and represent a baseline for ACE mission to 
improve on  

 

 



Future Aerosol-Relevant Satellite Sensors 

 Atmospheric LIDar (ATLID) on EarthCARE 

– Launch ~fall 2016 

– Orbit altitude ~ 393 km 

– Lidar backscatter, depolarization, HSRL extinction 

– 355 nm only 

 Multi-spectral Imager (MSI) on EarthCARE 

– Launch ~fall 2016 

– Radiometric imager 

– Swath of 150 km 

– Seven bands (shortest wavelength 670 nm) limits ability to 
combine lidar + imager for aerosol retrievals and precludes 
retrievals of aerosol absorption 

 



Future Aerosol-Relevant Satellite Sensors 

 Second Generation Global Land Imager (SGLI) 

– Launch ~end of 2015 on GCOM-Climate 1 satellite (~800 km) 

– High spatial resolution (250 m) from UV to SWIR allows methods 
developed for OMI and MODIS with additional spectral capabilities 

– Gimbaled polarimetric imager can look forward or aft 45 deg providing 
sensitivity to absorbing and nonabsorbing accumulation mode aerosols 

– Combination of polarized NIR and UV/blue/visible total radiance has 
potential to improve on existing MODIS capabilities, especially over land 

 Geostationary 

– Advanced Baseline Imager (GOES-R) 

• Launch in 2016 

• Improved spectral and spatial coverage over GOES-N 

– Tropospheric Emissions: Monitoring of Pollution (TEMPO) 

• Launch ~2019 

• UV/visible coverage for trace gases and aerosols 

 

 



Future Aerosol-Relevant Satellite Sensors 

 Multi-directional, Multi-polarization, Multispectral Imaging Mission 
(3MI) on MetOp Second Generation satellite 

– Launch ~2020 

– 820 km orbit 

– 2200 km swath 

– UV to SWIR coverage 

– Moderate resolution (2-4 km) 

– Polarization over wide range of viewing angles 

– Should provide significant improvement over existing 
spaceborne aerosol retrievals 



Recommendations 

 Examine combined active (lidar)+ passive (polarimeter) retrieval algorithms to 
determine information content of various combinations of wavelengths, angles, 
etc. 

 Revisit uncertainty estimates for complex index (and single scattering albedo) 
and size as a function of aerosol optical depth and aerosol type for different fine 
mode fractions.  

 Evaluate ACE fine mode effective variance uncertainties given the scientific 
questions associated with being able to detect and characterize CCN. Examine 
role of HSRL 355 nm measurements in this role.  

 For radiative forcing 

– Analyses focused on impact of measurements and measurement 
requirements for aerosol forcing 

– Address aerosol absorption as well as AOD 

 Development/deployment of instrument(s) that can provide range resolved 
(e.g. via aircraft) measurement of ambient AAOD and SSA of sufficient accuracy 
(+/-0.01-0.02) to validate remote sensing absorption retrievals 
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PACE Threshold Ocean Mission Requirements 

 



PACE Ocean STM 



Sources, 
Processes, 
Transport, 
Sinks (SPTS) 

 

Direct 
Aerosol 
Radiative 
Forcing 
(DARF) 

Review - ACE Science Traceability Matrix  

ACE Draft Report 
 



Cloud-
Aerosol 
Interactions 

Review - ACE Science Traceability Matrix  

ACE Draft Report 
 



1) Identify microphysical and optical 

properties of aerosols, partition natural and 

anthropogenic sources, and characterize 

spectral complex index of refraction and 

particle size distribution 

 

2) Characterize dust aerosols, their column 

mass, iron content and other trace elements, 

and their regional-to-global scale transport and 

flux from events to the annual cycle 

 

3) Conduct appropriate field observations to 

validate satellite retrievals of aerosols and 

ocean ecosystem features  

 

4) Use ACE space and field observations to 

constrain models to evaluate (1) aerosol 

chemical transformations and long range 

transport, (2) air-to-sea and sea-to-air 

exchange and (3) impacts on ocean biology 

 

5) Characterize aerosol chemical composition 

and transformation during transport (including 

influences of vertically distributed NO2, SO2, 

formaldehyde, glyoxal, IO, BrO) and partition 

gas-derived and mechanically-derived 

contributions to total aerosol column  

 

6) Monitor global phytoplankton biomass, 

pigments, taxonomic groups, productivity, 

Chl:C, and fluorescence; measure and 

distinguish ocean particle pools and colored 

dissolved organic material; quantify aerosol-

relevant surface ocean photobiological and 

photobiochemical processes 

 

7) Relate changes in ocean biology/emissions 

to aerosol deposition patterns and events 

 

8) Demonstrate influences of ocean taxonomy, 

physiological stress, and photochemistry on 

cloud/aerosol properties, including organic  

aerosol transfer 

Aerosol-Ocean STM 

                                     Measurement                             Instrument        Platform            Other 

Category    Focused Questions                         Approach                                                      Requirements                          Requirements     Requir’ts           Needs 

Ocean- 

Aerosol 

Inter- 

action 

What is the flux of 

aerosols to the ocean and 

their temporal and spatial 

distribution 

 

What are the physical and 

chemical characteristics, 

sources, and strengths of 

aerosols deposited into 

the oceans? 

 

How are the physical and 

chemical characteristics 

of deposited aerosols 

transformed in the 

atmosphere?  

 

What is the spatial and 

temporal distribution of 

aerosols and gases 

emitted from the ocean 

and how are these fluxes 

regulated by ocean 

ecosystems? (Links to 

Ocean Ecology Question 

4) 

 

What are the feedbacks 

between ocean emissions 

and the microphysical 

and radiative properties 

of the overlying aerosols 

and clouds?  How are 

these feedbacks 

changing?  
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Spectrometer 

• requirements as 

stated in ocean 

STM 
  

Polarimeter 

•  requirements 

as stated in 

aerosol STM 
  

Lidar 

• requirements as 

in ocean STM 
  

Duel frequency 

Doppler radar 

• requirements as 

stated in cloud 

STM 

Orbit 

permitting 2-

day global 

coverage for 

passive 

radiometer & 

polarimeter 

measurements 

 

Sun-

synchronous 

orbit with 

crossing time 

between 10:30 

a.m. & 1:30 

p.m. 

 

Storage and 

download of 

full spectral and 

spatial data 

 

Monthly lunar 

calibration at 7o 

phase angle 

through Earth 

observing port 

 

Additional 

platform 

requirements 

for polarimeter, 

lidar and radar 

as detailed in 

Ocean, Aerosol, 

and Cloud 

STMs 

Supporting 

Global data 

  

• Humidity 

profiles 

• Precipitation 

• Formaldehyde 

• Glyoxal 

• IO 

• BrO 

• NO2  

• SO2 

 

Other Data 

  

•Ground-based 

aerosol 

observational 

network 

Modeling 

• Conduct model tracer studies to determine sources, composition, and 

chemical attributes of aerosols 

• Model height distribution of NO2 & SO2 and dust chemistry 

• Use satellite data to constrain model aerosol source strengths 

• Model air-sea exchange rates and temporal variability, including 

sources of aerosols to atmosphere 

• Run coupled ocean biogeochemistry model to assess impacts and 

compare to observed response of ocean ecosystems  

2 
3 
4 

3 
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5 
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Satellite 

• Radiances & polarization at selected UV, 

visible and SWIR bands for aerosol types (dust, 

smoke, etc.), complex index of refraction, 

effective height, optical thickness, and size 

distribution with 2-day global coverage to resolve 

temporal evolution of plumes 

• Active (lidar) measurements of aerosol 

properties along orbit track to refine height 

distribution and composition 

• Drizzle detection and precipitation rates 

coincident with lidar & polarimeter data 

• Global phytoplankton pigment absorption, 

dissolved organics absorption, total & 

phytoplankton carbon concentration, ocean 

particle size distribution, phytoplankton 

fluorescence, Chl:C, and growth rate 

• Particle scattering & vertical distribution 

through active (lidar) subsurface returns 

Supporting Field & Laboratory Measurements  

• Dust chemical properties/solubility/ chemical transformation 

• Aerosol optical properties, heights, chemical composition, and 

partitioning of gas-derived and mechanically-derived contributions to 

total column load 

• DMS flux and dissolved concentration and precursors  

• Atmospheric boundary layer trace gases, NO2 / SO2 height distribution 

• Diffuse irradiance and in-water optics 

• Surface layer plankton species, phytoplankton carbon, fluorescence 

• Observational network representative of global range in properties 

• Process/mechanism oriented field and laboratory studies 

• Sustain time series field measurements of key properties over active 

lifetime of mission 

2 

5 



ACE Aerosol Retrieval Parameters Not Achievable with 
Threshold PACE (OCI) mission (from PACE SDT Report) 



3MI Specifications (from PACE SDT Report) 



Aerosol – Ocean Ecosystems 



 Current GCMs poorly quantify fluxes of marine primary 
aerosols and ocean biologically generated reactive gases 

 Correct assessments of aerosol number concentration and 
size distribution over pristine marine regions may have 
profound effect on model predicted extent of human-induced 
climate change  

 One of the tuning knobs in the models 

Importance of Marine Ecosystem for 
Anthropogenic Climate Forcing Assessments  



[Source: Hoose et al., 2009] 

Difference in Short-wave Cloud Forcing (SWCF) 

Minimum number of CDNC or aerosols, cm-3  

∆
SW

C
F,

  W
 m

-2
 

“Background” CCN or CDNC ~10 to 20 cm-3 

“Background” CCN or CDNC ~30 to 40 cm-3 

Improving Ocean-Aerosol Interaction will go a 
long way toward narrowing uncertainty in 
aerosol indirect effect 
 Will also help reconcile the differences 
between the model predictions and satellite 
estimates/inverse calculations 



What are the physiochemical characteristics, temporal and spatial 
distributions, and source of aerosols deposited in oceans? 

 A-Train+Terra+suborbital observations today 

– Allow us to identify aerosol types, vertical distribution, 
sources, and transport but with large quantitative 
uncertainty 

– Provide vertical distribution of aerosol extinction, but 
cannot provide detailed aerosol properties (size, shape) 

– Cannot provide detailed aerosol physical and optical 
properties 

 ACE (polarimeter+HSRL+ocean color hyperspectral imager) 

– Provide direct observations of extinction  

– Allow for quantitative identification of vertical distribution 
of aerosol type 

– Provide quantitative information about aerosol optical and 
microphysical properties  

 



What is number concentration, size distribution, chemical 
composition, and CCN properties of sea spray aerosols? 

 A-Train+Terra+suborbital observations today 

– Provide a proxy for aerosol number concentration in atmospheric 
column, but cannot provide the number concentration itself or the 
information on vertical distribution 

– Provide columnar CCN concentration over the ocean, but with crude 
assumptions of i) all aerosols smaller than dry diameter <0.5 µm will 
activate and become cloud droplets, and ii) all aerosols are evenly 
distributed in a column 

– Prescribes size distribution and optical properties without explicit 
identification of particle type  

 ACE (polarimeter+HSRL+ocean color hyperspectral imager) 

– Locate, characterize and quantify point sources (fires, dust, large 
ocean blooms)  

– Provide quantitative vertical layer-resolved information about aerosol 
optical and microphysical properties for aerosol number 
concentration, absorption, and size 



How do ocean ecosystems respond to aerosol deposition? 
How do megacities affect coastal ecology? 

 A-Train+Terra+suborbital observations today 

– Provide information on surface Chlorophyll A concentration and 
carbon stock, but not physiological state of phytoplankton 

– Can provide valuable information on phytoplankton biomass and total 
particulate organic carbon sticks with day-night sampling, and 
observations through absorbing aerosols and thin cloud layers, but 
with poor vertical resolution through the water column 

 ACE (polarimeter+HSRL+ocean color hyperspectral imager) 

– Improved spectral resolution in the UV and visible region allow 
retrievals of phytoplankton carbon and physiology 

– Improved vertical resolution and effective separation of particulate 
and Brillouin scattering components could yield three-dimensional 
global reconstruction of upper ocean plankton ecosystems 

– Key properties of optically complex coastal inland waters can be 
retrieved near the red edge of pigment absorption (near infrared) 

 



Aerosol Indirect Effects 

Lohmann and Feichter, 2005 


